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Abstract.
The present paper is the report of the experiment, by taking X-ray radio-
graphs by the Divergent X-ray Method, on the aspects of deformation twinning
of iron single crystals. For this purpose, the various band-like patterns of
X-ray diffraction images due to deformation twinning on a Laue-spot, were
observed precisely. As the results, the fact that the aspects of the band-like
X-ray diffraction patterns corresponding to the deformation twins in the
crystals depend on the inclination of the twinning plane to the reflecting
crystallographic plane and also on the direction of the twinning shears of the
twinning, was found.
Furthermore from the aspects, especially, the blackness and the fine structure
of the band-like X-ray diffraction patterns mentioned above, the outline of
the distribution of distortion of the crystal in both the deformation twinning
crystals and the mother crystals caused by deformation twinning, was made
clear.
§1. Introduction.
Previously, it was reported that by taking the X-ray radiographs, by
means of the Divergent X-ray MethodL'), of.single crystal plates of pure iron
bearing deformation twinning, the traces of deformation l〕ands due to twinning,
could lコe identified in the dark area representing the transmission image of
the specimen at the centre of an X-ray photograph/2) The further studies
have been continued and it was concluded that the various patterns due to
deformation twinning could also be identified in the X-ray diffraction patterns
within a broad Laue-spot appearing on this kind of X-ray radiograph, and
that, from the aspects of these X-ray diffraction patterns, the bodily structure
of deformation twins in the specimen would successfully be investigated/-3)
In the present experiment, therefore, by observing the topographic details
of the Xィay diffraction patterns of deformation twinning bands appearing
within these Laue-spots on an X-ray radiopraph, the bodily structure of
deformation twinning in the crystal, has been investigated. ′Ihe obtained
rseults are reported in this paper.
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S 2. Experimental Procedure. 
lron single crystal plates with dimensions of 
from electrolytic iron sheets of the purity shown 
Table 1. Chemical composition of specimen 
C.4x 5 x80mm' 









Fig. I Crystallographic orientation of the specimen, 
O ; the lengthwise direction, 
@ ; the normal to the top surface. 
travelling furnace.(') The crystallographic orientation of the specimen is 
shown in Fig. I. In the figure, the signs, O and O indicate the ones of the 
lengthwise direction and of . the normal to the top surface of the plate re-
spectively. First, the central part of the plate, in a length of about 2 cu of 
each specimen, was reduced its breadth to about 5 mm by etching, and then 
its thickness to O .55mm by electrolytic polishing. The single crystal plate so 
cut (we will call it specimen from now on) was then subjected to annealing 
for 4 hours at 850'C in vacuum. 
Then the specimen was gradually stretched in liquid nitrogen by a manu-
ally operated stretching machine until the typical sharp click with twin formation 
was heard. The surface of the specimen so treated, was first examined 
by naked eyes and an optical microscope ; secondly, the appearances of the 
d. eform~tiQl~ tvyinl~ing bands ~rere Qbserved uSing clQse-ups ~n~ mjcro-pho, -
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tography. Thirdly, the above specimen was reduced to about 0.5~.m thick by 
etching in the 10~ nitric acid solution for 20 minutes, and X-ray radiographs 
of the specimen so treated, were taken by the Divergent X-ray Method.(s) 
Of the Laue-spots bearing the X-ray diffraction patterns due to deformation 
twinning bands,, 6 times enlarged positives of X-ray radiographs were produced 
to facilitate the examination of micro-structure of the specimen. With 
micro-photometric curves, which were obtained by a micro-photometer, the 
appearance of the inside of the diffraction patterns, the one of its edges and 
its blackness caused by diffracted X-rays were also observed and examined 
minutely. 
S 3. Experimental Results and Discussion. 
3.1 Deformation Bands due to Twinning. 
The typical examples of the photographs taken by the techniques of 
close-ups and micro-photography are shown respectively in Fig. 2 (A), (B ) . A 
micro-photograph in Fig. 2 (B) indicates three kinds of deformation twin-
ning bands A, B. C. The traces of these bands A. B. C are clearly identified 
in the transmission image at the central black part of the X-ray radiograph 
taken by the Divergent X-ray Method, which is shown in Fig. 5 . 
In Table 2 , a indicates the angle between the direction of these three 
Table 2. 
Def ormation 
Twinning P a Band. 
A 70' 68･ (2) 
B 85･ 80' (7) 
C 45･ 40' (8) 
kinds of deformation twinning bands A, B. C intersecting the surface of the 
specimen and the lengthwise direction of the specimen ; p indicates the angle 
between the twinning plane of the deformation twinning,(') expected to be 
produced in the crystal with the same crystallographic orientation as this 
specimen has, intersecting the surface of the specimen, and the lengthwise 
direction of the specimen. The figures given in brackets by the side of p 
indicate the numbers of the twinning systems given by Schmid & Boas. A 
comparison of the values of a and p shows that both are close to identical. 
Accordingly, it will be obvious that the deformation twinning bands A, B. C 
are indentified with 2, 7, 8 given by notations after Schmid & Boas. 
Hereafter, the above deformation twinning bands A, B, C will be indicated 
by 2 , 7, 8 notations after Schmid & Boas.(') 
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3.2 Band-like Diffraction Pattern in a Laue-spot and Deformation 
Twinning. 
In Fig. 2 , the Laue-spots I , II , I are the ones produced by the crystal-
lographic planes (1 1 O), (112), (21 1 ) respectively, and as their enlarged positives 
Fig. 4 .Fig. 5 , and Fig. 6 show, they are the typical ones of the kind of Laue-
spot with the band-1ike X-ray diffraction patterns. 
The correspondence between these band-like X-ray diffraction patterns, 
which were due to deformation twinning of the specimen, and the series of 
deformation twinning 2 , 7 , 8 was determined by the following procedure : 
At first, the positions in the specimen from which the band-like X-ray 
diffraction patterns on a Laue-spot was reflected, were determined ; and by 
comparing these positions and the positions of deformation twinning bands A , 
B , C mentioned above, the series of deformation twins corresponding with X-
ray d;ffraction patterns, were identified. These series are given in columns, 
4 , 5 of Tab:e 5. They are also indicated by 2 , 7, 8 in Fig.4 , Fig.5 , 
























































3 . 3 Shape and Intensity of the Band-like X-ray Diffraction Pattern on a 
Laue-spot. 
By the minute observation of the above Fig. 4 . Fig. 5 , and Fig. 6 , it was 
cleared that the shape and intensity, etc., of the band-like X-ray diffraction 
pattern appearing on a Laue-spot due to deformation twins, varied considera-
bly according to the Laue-spot, that is, a reflecting crystallographic plane, 
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even in the same twinning system. Particularly, the one corresponding with 
2 ; deformation twinning (112) C111), appears black and broad _band, though 
without rims, both on the Laue-spot (110) and (21 1 ), but, makes no appearance 
on the Laue-spot (112). The one corresponding with 7 ; deformation 
twinning(1 1 2) C1 11), appears in a broad black band, though without rims, on 
the Laue-spots (1 1 O) and (211), but appears in a white band flanked by black 
rims on the Laue-spot (112). These aspects are also , clearly observed in the 
micro-photometric trace intersecting the bands (Fig. 7 ) . These curves are 
those obtained by intersecting the part indicated by the sign, ~~, in defor-
mation twinning 7 of the photograph in Fig. 5 . The X-ray diffraction 
patterns corresponding with 8 ; deformation twinning (1 12) C111), appears 
in a clear, narrow, white band flanked by black rims, on the Laue-spots 
II ; (112) and u ; (~11) respectively, but, on the Laue-spots I ; (TIO, the 
pattern appears in a narrow white band vaguely defined by black rims, and 
another pattern in a black narrow band. 
Table 4 is the summary of above features. Column I , gives the 
numbers of the Laue-spots ; column 2, the reflecting crystallographic planes 
reflecting the Laue-spots ; column 5 , numbers ( 2 , 7,, 72, 8*, 82, 83) repre-









































































































2 : (ll2)Clll~ 
7 : (ll2)Clll~ 
8 : (1_2_)Clll~ 
2 : (ll2)Clll] 
7 : (112)Clll] 
8 : (112)Clll~ 
2 : (ll2)Clll) 
7 : (ll2)Clll~ 
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on a Laue-spot, the numbers are followed by the description of the shapes 
of these patterns ; column 4 , blackness, which means the blackness of a 
photograph seen by naked eyes, and the sign, ¥ indicates that a band-like 
X-ray diffraction pattern has not appeared ; column 5 , blackness of the 
rims of the bands and its colour ; column 6 , width ; column 7 , clearness ; 
column 8 , Schmid & Boas notations of the twinning systems corresponding with 
the X-ray diffraction patterns indicated in column 5 ; column 9, the angle p 
between the twinning plane of this system and the above reflecting crystal-
10graphic plane ; column I O , the complementary angle 6 between the direction 
in which the atoms moved by the twinning shear and the crystallographic 
plane reflecting the Laue-spots (given in column 2 ) ; (These angles were de-
termined by using the crystallographic globe)(") ; the last column, indicating 
occurrence or non-occurrence of the so-called water-spray and ,water-column 
by the sign, O, C, and x. 
As pointed out above, there are two kinds of band-like X-ray diffraction 
patterns due to deformation twinning on a Laue-spot, one appearing, as on the 
Laue-spots (110) and (211), in a black band, and the other appearing, as on 
the Laue-spot (112), in a white band. This difference in blackness depends 
on the (p and the complementary angle 6 . 
That is, A: if (p is big and O is small ((p>60', 6 <5C'), a pattern appears 
black as 2 and 7 in the Laue-spot I ; (110) and 111 ; (211). B : if (p and 6 are 
zero, namely the limiting value, a pattern doesn't appears where it is expected, 
as 2 in the Laue-spot 11 ; (1 12). C : if q, and 6 is beyond the above-mentioned 
limits, a pattern appears white. The above-mentioned diversity of blackness, 
black, white, etc. , of the band-like X-ray diffraction patterns means the 
following : when diffracted X-rays are applied to a place harder than to its 
surroundings, a pattern appears black, when a white pattern appeared it 
means the reverse, and the sign, ¥ means that diffracted X-rays were applied 
to a place just as hard as to its surroundings. 
To resume and conclude all the above discussed data, three groups of 
observations and results appear as typical of the deformation twinning in the 
investigation, i . e ; A, B. C (Table 5 bis). In the first group (A : (P=90" 
; 6 = O '), the tvvinning plane and the reflecting crystallographic plane are at 
90', and the shear direction of the twinning is on the reflecting crystallogra-
phic,, plane. The reflecting crystallographic plane is the same both in the 
deformation twinning band and in the matrix, but, the mode of the atomic ar-
rangement on the reflecting crystallographic plane differs from the one of the 
matrix. The X-ray diffraction from the deformation twinning bands is stronger 
in intenslty. In the second group, (B : (p= O ' ; 6 = O ") the twinning plane 
and the reflecting crystallographic plane is the same. The shear direction of 
















































2 : (ll2)Clll] 
7 : (ll2)Clll~ 
2 : (ll2)Clll] 



















twinning lies on the reflecting crystallographic plane. The X-ray diffraction 
intensity and the atomic arrangement on the reflecting crystallographic plane 
in the deformation twinning band is nearly corresponding to the one in the 
matrix. In the last group, (C : ~p=70' ; O =70') the angle between the 
twinning plane and reflecting crystallo~raphic p]anc is big, and moreover, the 
angle between the shear direction of the twinning and the reflecting crystal-
lographic plane is big too. The reflecting crystallographic plane in the de-
formation twinning band is deflected with respect to the plane of the matrix. 
This must be caused by a modal difference of the atomic arrangement on the 
reflecting crystallographic plane. Therefore, the X-ray diffraction from the 
deformation twinning band is stronger in intensity. An accumlation of the 
dislocation occurs in the flank of the matrix limiting the deformation twinning 
band. The X-ray diffraction intensity of the part is strong, the rims of the 
X-ray diffraction patterns appear black. Further, the clearer band-like X-ray 
diffraction patterns is, the more the angle between the twinning plane and the 
reflecting crystallographic plane increases, because the bigger the latter is, the 
smaller the displacement and distortion of the boundary layer of the defor-
mation twinning and the matrix is. Therefore, the band-like X-ray dif-
fraction patterns appear clear. . 
Another remarkable feature is the so-called water-spray, which occurs in 
most of the cases where X-xay diffraction patterns due to deformation twin-
ning on the Laue-spot intersect the rims on the Laue-spots. This is because 
the crystal at these points was continuously affected by the twinning. The 
last feature is the water-column, and the one on the edge of the deformation 
twinning 8 on the Lauespot (110) is deflected in 10' in angle all through 
regularly in the affected point. 
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(B) Optical micrograph showing the deformation twinning on iron single 
(x600) crystal . (A) 
Fig. 2 
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Fig. 3. X-ray radiograph 





the deformation twinning 




Fig. 4. Broad Laue-spot I (llO). (X4) 




6. Broad Laue-spot nr (211). 
~ 
of lron Single Crystal. 
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